LYNNE WAGENKNECHT, DRPH 6 THE LOOK AHEAD RESEARCH GROUP* OBJECTIVE-Overweight and obese individuals are encouraged to lose 5-10% of their body weight to improve cardiovascular disease (CVD) risk, but data supporting this recommendation are limited, particularly for individuals with type 2 diabetes.
O verweight and obese individuals are frequently encouraged to lose 5-10% of their weight and are told that weight losses of that magnitude will help improve their cardiovascular disease (CVD) risk factors. For example, the Centers for Disease Control and Prevention website (www.cdc.gov/healthyweight/ losing_weight/index.html) states, "The good news is that no matter what your weight loss goal is, even a modest weight loss, such as 5 to 10% of your total body weight, is likely to produce health benefits, such as improvements in blood pressure, blood cholesterol, and blood sugars." The benefits of modest weight loss also are noted by the Surgeon General (www.surgeongeneral.gov/), the Institutes of Medicine (1) , and the National Institutes of Health (e.g., www.nhlbi .nih.gov/ and www2.niddk.nih.gov/), with citations to a variety of reviews of the literature (2-4) and meta-analyses (5) . For example, the statement from the Centers for Disease Control and Prevention website cites a review by Blackburn (6) for the benefits of 5% weight loss and the National Heart, Lung, and Blood Institute Clinical Guidelines (7) as the reference for the benefit of a 10% weight loss. However, the studies included in these reviews often had limited sample sizes, focused on nondiabetic individuals, and typically presented only average weight loss and the average reduction in risk factors, which did not allow a careful analysis of the association between specific magnitudes of weight loss and consequent improvements in CVD risk factors.
Look AHEAD (Action for Health in Diabetes) provides a unique opportunity to carefully assess the effects of modest weight loss on CVD risk factors in individuals with type 2 diabetes, a population at high risk for CVD. Look AHEAD is a multicenter, randomized clinical trial examining the long-term effects of lifestyle interventions on cardiovascular morbidity and mortality in 5,145 overweight or obese participants with type 2 diabetes who were randomly assigned to intensive lifestyle intervention (ILI) or to usual care, referred to as diabetes support and education (DSE) (8, 9) . Differences between ILI and DSE at 1 year have been reported previously (9) . In this article, we examine the associations between the magnitude of weight loss and the degree of improvement in glycemic control, blood pressure, and lipid levels at 1 year in the full cohort. We also determine the average risk factor change and the odds of meeting predefined criteria for clinically significant improvement in risk factors that are associated with specific categories of weight change. These analyses provide important data to address the recommendations regarding modest weight loss.
RESEARCH DESIGN AND METHODS-Look AHEAD participants were recruited at 16 sites throughout the U.S. The goal was to recruit approximately equal numbers of men and women and at least 33% from racial and ethnic minorities (8) . Primary eligibility criteria included being aged 45-76 years (later increased to age 55-76 years); having a BMI $25 kg/m 2 ($27 kg/m 2 if treated with insulin), systolic and diastolic blood pressure (SBP and DBP) ,160/100 mmHg (with or without antihypertensive drugs), and triglycerides ,600 mg/dL (with or without drugs for dyslipidemia); and successful completion of a valid maximal-graded exercise test. A detailed flowchart of the number of subjects screened and reasons for ineligibility has been published previously (9) . All participants signed consent forms that were approved by their local institutional review boards.
Interventions
Participants were randomly assigned by clinic to either the ILI or DSE groups. The interventions have been described in detail (10) . Participants in the ILI group had the goal of losing 10% of their body weight, to be accomplished by decreasing caloric intake and increasing physical activity. The ILI group was seen weekly for 6 months and then three times per month during months 7-12 and was provided with a structured behavioral weightcontrol intervention. ILI group participants were prescribed a calorie goal of 1,200-1,800 kcal/day depending on initial body weight, with 30% of kcal from fat, and the use of meal-replacement products. Physical activity was gradually increased to a goal of 175 min/week of moderateintensity activities. The DSE group attended three meetings over the year and focused on diet, activity, and social support.
Assessments
Participants were assessed at baseline and 1 year by certified staff members who were blinded to the intervention assignments. Weight and height were measured in duplicate using a digital scale and stadiometer. Seated blood pressure was measured in duplicate after a 5-min rest using an automated device. Blood samples were obtained after a fast of at least 12 h and analyzed by the central biochemistry laboratory (Northwest Lipid Research Laboratories, University of Washington, Seattle, WA) using standardized laboratory procedures for measuring HbA 1c , total cholesterol, HDL cholesterol, and triglycerides. LDL cholesterol was estimated using the Friedewald Equation (11) .
Medication use was determined by having participants bring all prescription medicines to the annual visit. Changes in medications during the trial were made by the participant's own physician, except for temporary changes in glycemic medication during periods of intensive weight loss, which were made by Look AHEAD physicians, following a standardized algorithm.
Statistical analyses
Analyses were performed using SAS version 9.2 (SAS, Cary, NC). The type I error rate was fixed at 0.05. Normality of the outcome variables (i.e., changes in CVD risk factors) was examined before the fit of multiple linear regression models. Spearman correlation coefficients were used to assess the bivariate associations between weight loss and change in CVD risk factors, both overall and stratified by subgroups defined by sex, intervention group assignment, and medication use.
The primary analyses in this article examined the relationships between categories of weight loss and changes in CVD risk factors. Participants were divided into the following categories based on their weight changes from baseline to 1 year: gained .2%; remained weight stable (62%); lost $2 to ,5%; lost $5 to ,10%; lost $10 to ,15%; or lost $15%. These categories were selected to allow us to examine the clinical recommendation to lose 5-10% of body weight, to isolate those who had gained weight from a weight-stable reference group, and to determine whether weight changes of .10% had even greater benefits. Participants from both the ILI and DSE groups were pooled for these analyses, with covariate adjustment for the main effect of intervention group assignment. All analyses also adjusted for age, sex, baseline level of the outcome variables, baseline weight, and race/ethnicity. Separate linear regression models were fit for changes in SBP, DBP, glucose, HbA 1c , HDL and LDL cholesterol, and triglycerides. Log transformation was applied to triglyceride measures, with change scores calculated on the log scale. Because results were similar to those analyzed on the original scale, we presented results for change in triglycerides without the log transformation. In initial analyses we examined the interaction effects between intervention group assignment, sex, age, baseline weight, race/ethnicity, and weight loss in association with CVD risk factor changes. Least square means were plotted to illustrate significant interaction effects. Although some significant interaction effects were detected, in all cases the direction and strength of the associations remained consistent across subgroups, and thus we focused primarily on the associations for the full sample (i.e., interaction effects were not included in the final multiple linear regression models).
Separate logistic regression models were fit to examine the effect of weight loss on the odds of meeting predefined criteria indicating clinical meaningful improvement in CVD risk factors, defined as follows: 5 mmHg decrease in SBP or DBP; a 20 mg/dL decrease in fasting glucose; a 0.5% point decrease in HbA 1c ; a 5 mg/dL increase in HDL cholesterol; a 10 mg/dL decrease in LDL cholesterol; and a 40 mg/dL decrease in triglycerides. Estimates of odds ratios in reference to the weight-stable group were presented along with 95% CIs. Table 1 presents the baseline characteristics of 5,145 participants in Look AHEAD. Approximately 60% of the participants were women, and 37% were from ethnic or racial minority groups. Participants were an average age of 58.7 6 6.8 years and weighed 100.7 6 19.3 kg at study entry. Table 2 indicates the sample size available for each measure at baseline and 1 year, the baseline level of the risk factors, and the mean changes in weight and CVD risk factors at 1 year. In addition, Table 2 shows the magnitude of the association between weight loss and changes in risk factors. Weight changes were significantly correlated with changes in glycemic control, blood pressure, HDL cholesterol, and triglycerides; the greater the weight change, the greater the improvements in each risk factor in the full cohort and within the ILI and DSE group separately. Weight loss was not associated with improvements in LDL cholesterol. When the analysis was restricted to those not on lipid medications, the correlation between weight loss and change in LDL cholesterol was significant but weak (r = 0.06, P = 0.01).
RESULTS

Changes in weight and CVD risk
Categorical changes in weight
To better describe the associations between weight change and improvements in CVD risk factors, Look AHEAD participants were categorized by their percent weight changes over the first year. Table 1 shows the number of participants who gained .2% over this interval; remained weight stable (62%); or lost $2 to ,5%, $5 to ,10%, $10 to ,15%, or $15%. The average weight changes (means 6 SD) were +4.73 6 3.0 kg for weight gain; 20.11 6 1.16 kg for remaining weight stable; and 23.48 6 1.11, 27.25 6 2.07, 212.13 6 2.83, and 221.25 6 7.05 kg for each increasing weight loss category, respectively. Because ILI participants had a weight loss (means 6 SD) of 8.7 6 7.6 kg compared with 0.8 6 5.0 kg in the DSE group (P , 0.0001), it was expected that participants in the ILI group would be overrepresented in the higher weight change categories. The weight change categories also differed in their demographic characteristics (Table 1 ) and in the percentage from each category who stopped or started medications (see the Supplementary Materials). Figure 1 shows the least square mean changes for each of the risk factors across the six weight change categories, adjusted for age, sex, race, treatment group assignment, baseline weight, and baseline level of the risk factor. A strong graded association was seen for changes in glucose, HbA 1c , SBP, DBP, triglycerides, and HDL cholesterol (all P values ,0.0001). Each higher category of weight loss was associated with greater improvements in the risk factor. In contrast, the magnitude of improvement in LDL cholesterol did not differ across the weight categories, even in those not using lipid-lowering medications at baseline and 1 year. There were no significant interactions between baseline weight and weight change categories, except for HDL categories (P , 0.0002), for which the slope of the association between weight change category and change in HDL cholesterol was steepest in those who weighed least at baseline.
Clinically significant improvements in CVD risk
The odds of having a clinically meaningful improvement in risk factors also were strongly related to the magnitude of weight loss achieved ( CONCLUSIONS-These results provide empirical support for the assertion that modest weight losses of 5-10% of initial weight are sufficient to produce significant, clinically relevant improvements in CVD risk factors in overweight and obese patients with type 2 diabetes. However, greater weight losses were associated with greater improvements in risk factors. The magnitude of weight loss at 1 year was highly related to the improvements in blood pressure, glycemic control, and lipids, with the notable exception of LDL cholesterol. Despite the fact that the ILI and the DSE groups differed greatly in their average weight losses, positive associations were seen between weight change and improvements in risk factors within each group separately. This finding suggests that the degree of association between weight change and improved risk factors is relatively constant across a wide range of weight losses. There also was no evidence that a patient's weight at baseline affected the amount of improvement that occurred with a given percentage change in body weight, except for HDL cholesterol, for which the magnitude of weight loss had the greatest effect in the least overweight participants.
The strongest associations between changes in weight and risk factors were seen for measures of glycemic control, and clinically significant improvements were observed with just a 2 to ,5% reduction in initial weight. This finding confirms a large number of previous studies indicating that modest weight losses markedly improve glycemic control (12) . The fact that all participants in this study had type 2 diabetes, whereas only some had hypertension or hyperlipidemia, may be related to this finding. On the other hand, the fact that caloric restriction, independent of weight loss, improves glycemic control (13, 14) may suggest a heightened responsiveness of this risk factor to caloric imbalance and weight changes.
In contrast, we observed weaker associations between weight loss and LDL cholesterol changes, even among participants not using lipid medications at either baseline or 1 year. Moreover, although the odds of achieving a 10 mg/dL improvement in LDL cholesterol were significantly increased by a 5-10% weight loss relative to remaining weight stable, the effects were not consistent across greater weight loss categories, and even weight losses of $15% of body weight had modest effects on LDL cholesterol. Although a meta-analysis (15) of studies assessing the effect of weight loss on lipids over at least a 2-year follow-up concluded that there was a positive linear relationship between weight loss and improvements in both total and LDL cholesterol, some studies (14, 16, 17) have not confirmed this. Wadden et al. (16) reported marked improvements in LDL cholesterol during a period of caloric restriction, but these improvements were not maintained when calorie intake was increased, even though weight losses were maintained. Likewise, in the Swedish Obese Subjects Study (17) , mean weight losses of 20 kg at 2 years achieved through gastric bypass surgery were associated with nonsignificant reductions in LDL cholesterol; weight losses of $30 kg appeared necessary to produce significant reductions in LDL cholesterol. A better understanding of the factors that influence changes in LDL cholesterol, including weight loss, per se, caloric restriction, and dietary fat intake, is clearly needed.
Previous studies, mostly with nondiabetic participants, and meta-analyses have shown that weight loss is associated with improvements in other CVD risk factors (2,7), including blood pressure (18) , triglycerides (19) , and HDL cholesterol (20) . The association is typically greater at 1 year than at later time points, as a result in part of weight regain (21) . Thus, an important issue is not only whether larger weight losses produce greater improvements in CVD risk factors but also whether larger weight losses are more or less well retained (22) . In addition, the effects of weight loss on CVD risk factors seem greater initially, even if weight losses are maintained (16, 23, 24) . For example, in the Swedish Obese Subjects Study (17) , gastric bypass surgery produced large long-term weight losses, but improvements in blood pressure seen at 1 year were no longer significant at year 10 (24).
In interpreting our findings, several important limitations need to be considered. First, these analyses examined the impact of weight loss, but change in physical activity may have been an important independent determinant of weight loss and/or changes in risk factors. We focused on the weight changes, per se, in keeping with our goal of addressing the clinical recommendations related to weight loss. Second, participants were not randomly assigned to different weight loss categories; our analyses controlled for a number of variables, including treatment group, sex, age, and race/ethnicity, but other variables may have affected success at weight loss and/or changes in risk factors. In addition, our analyses examined effects at 1 year only and did not consider recent changes in weight or the longer-term effects. Findings for individuals with type 2 diabetes also may not generalize to those who do not have diabetes. Look AHEAD is continuing to follow its participants over time and, thus, will be able to determine the longer-term impact of modest weight losses on risk factors and whether these modest weight losses ultimately affect cardiovascular morbidity and mortality.
In conclusion, Look AHEAD provides empirical support for the benefits of modest weight losses at 1 year. However, greater improvement in risk factors occurred with greater weight losses. Because weight losses of just 5 to ,10% of initial body weight significantly increased the odds of achieving clinically meaningful changes in glycemic control, blood pressure, HDL cholesterol, and triglycerides at 1 year, emphasizing modest weight losses seems to be an appropriate clinical message for overweight and obese patients with type 2 diabetes. care.diabetesjournals.org
